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REGULATORY R.ATIONING OF ELECTRICITY UNDER A SUPPLY CURTAILME NT

by Jan Paul Acton
Ragnhild Mowill

1. INTRODUCTION

~ When the Organization of Arab Oil Producing Countries voted in October 1973

to embargo shipments of oil and oil products and to raise prices in general, all

uses of energy came under scrutiny . Electric utilities that rely heavily on fuel

oil or natural gas for generation were especially vulnerable to serious disrup-

tions in supplies. A variety of policy measures for affecting demand were con-

sidered at that time. These can be divided broadly into (1) measures that would

cut consumption by raising prices and (2) measures that would cut consumption

by voluntary or mandatory rationing. The merits of these alternative approaches

have been debated at length by economists and policymakers. Los Angeles chose

to meet its problem with .i city ordinance requiring customers to reduce their

consumption of electricity relative to the preceding year. -.—-- .~~~~~~~~ -— --——-— -~- ~
— - - ---

~
-

~

More than two years af ter the embargo and the curtailment ordinance, the

Federal Energy Administration is considering employing “The Los Angeles Plan”

nationally , to deal with the impact of natural gas shortages in the electric

utiliries ,
1 and the Federal Power Commission is considering a similar approach in

implementing the provisions of the Energy Policy and Conservation Act .2 Despite

the continuing interest in energy policy alternatives , however , few attempts have

been made to study the quantitative dimensions of the impact of the energy short-

age in 1973—1974; even fewer systematic studies have considered the effectiveness

of policy measures that were adopted during this period. Since non—standard

regulatory responses——such as this curtailment ordinance-—are being increasingly

considered by legislatures and regulatory bodies , an analysis of this experience

should be useful in the evaluation of alternative policies . It should also be

useful to federal policymakers in judging types of approaches that can be taken
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at the local level, in tailoring federal actions to complement them , and in

encouraging those aspects that best meet national and regional objectives .

~~~~~~ Our discussion focuses on three questions: What was %he Los Angeles Plan?’~

What were its immediate and longer run effects on electricity consumption? What

does this ~~xperiment’~~suggest about the relative desirability of such an approach

were another fuel or other ~~risis’~~ o occur?

2. THE LOS ANGELES APPROACH

The City of Los Angeles is served by the Department of Water and Power (DWP),

whose rates require City Council approval. When the oil embargo was imposed , DWP

found Itself very short of oil for generating electricity. On an annual basis,

over half of the department ’s electricity is generated from oil, and during the

winter, an even greater use is made of oil. Because low sulfur oil——necessary for

reasons of air pollution abatement——was in short supply , the initial prospects

were not good for meeting normal demand for electricity .

Mayor Tom Bradley and the City Council responded quickly with an ordinance

to curtail use of electricity . The mayor appointed an ad hoc advisory panel made

up of leaders from government, labor, industry, and business to consider means of

meeting the shortage. After reviewing such alternatives as burning higher sultur

fuel, a curtailment of business activity to 50 hours per week, and rolling black—

outs around the city, Mayor Bradley and the panel proposed , and the City Council

J enacted , “The Emergency Energy Curtailment Plan of the City of Los Angeles” on

3December 13, 1973.

THE CURTAILMENT ORDINANCE

Under Phase I of the plan , residential and industrial customers were required

to cut use 10 percent and commercial customers 20 percent over the corresponding

billing perio d a year before .4 Under Phase II (which was never invoked), residen—

tial use was to be restricted 12 percent , industrial use 16 percent , and commercial

2 ~~~~~~~~~~~~ .~~~~~~~~~ I
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use 33 percent over the corresponding billing period a year before.  The penalty

for excess use was a surcharge of 50 percent on the entire bill for the first

period violation , and cutoff of service for subsequent violations . Overall, the

program was successful in reducing demand and avoiding major system outages .

The penalty provisions of the ordinance clearly went beyond a traditional

adjustment in the rate structure since the ordinance implied the introduction of

a radical discontinuity in the price schedule. This is illustrated for a particu-

lar customer in a given month in Fig. 1. Before the ordinance, this customer

consumed at Q, his base consumption for this month. The ordinance required him to

cut his consumption by r% to (l—r)Q. Beyond this point, the 50% surcharge would

go into effect . This implied that for any level of consumption at or below

(l—r)Q the normal schedule applied . However, the new marginal price for the

first kwh beyond this level was now 50% of the total bill for (l—r)Q kwh plus

1.3 times the marginal price for all additional consumption (for simplicity ’s

sake, we demonstrate using a one—step declining block rate schedule). In general ,

a customer will exceed the level (l—r) only if his demand curve is so inelastic

that it lies totally to the right of the vertical line at the amount (l—r)Q.5

We take three approaches in analyzing the impact of the ordinance and accom-

panying factors on total energy consumption and use by major classes of customer:

) (1) We make a year—by—year comparison of monthly electricity production (net

j energy for load) and sales for DWP. (2) Using a statistical model , we adjust for

J the effects of weather, price, economic activity, and minutes of daylight, and

compare “expected” electricity consumption with observed consumption during the

curtailment. (3) We compare year—by—year changes for DWP and the three principal

private utilities in California. Since a number of national and statewide energy
t

problems and public appeals were common to all utilities, the j uxtaposition of

t he four patterns of consumption will give an indication of the added impact of
b
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an ordinance and associated factors . No single approach reveals the complete

impact , but each lends insight to the same underlying process.

3. NOMINAL REDUCTION

Like most utilities in the United States , DWP had a steady growth In electri-

cal sales, which averaged about 7.7 percent from 1950 to 1969 and about 5 percent

in the early 1970g. The nominal reduction in energy production and sales is

foun d by comparison with the corresponding month in the baseline period (September

1972 to August 1973). This is the way the ordin ance was written , requir ing a

percentage reduction over the appropriate baseline month. The ordinance was

passed on December 13, 1973 , and took ef fec t  8 day s later. The response to its

enactment was rap id and substantial . In the f i r s t  11 days the ordinance was in

effect , elect ricity generation fell  14.9 percent when compared with the same

11—day period of 1972. The initial response of all classes of customers was to

meet or exceed the requi red reduction. The reduction was so significant that

Phase II , with more stringent requirements , was never invoked. Enforcement of

the pena lties was postponed (althoug h custome rs did not know this at the ou tse t) ,

and the ordinance was suspended on May 22 , 1974.

Percentage changes over the base period in total electricity sales and sales

to class of customers are shown in Figure 2. 6 Sales are shown by month of bi l l ing,

and generally lag consumption by a l i t t le more than one month. Tot al sales we re

of f  b y about 20 percent the f i rs t  two months the ordinance was in e f f e c t .  In

M.ay of 1975 , over a year a f te r  the ordinance was suspended , total sales were

below 1973 levels by about 8 percent . Residential and commercial sales fel l

rap idly with  the enact ment of the ordinance and both were ab out 8 pe rcentage

points below that  requi red by the ordinance ( 18 and 28 percent respectively instead

of the required 10 and 20 percent). In the 12 months following the suspension of

the ordinance, residential sales remained below 1973 levels by 5 to 10 percent ,
v s
t.

.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—--;  ~~~~~~~~~ ~



- ~VVV_ ~~~VV V ~~ _ VV~ V V - ,
~~~~~~—-- n-- -- - r-Y~~~~~~~ 

— 
~~~~‘~~~r’-~ 

V~ ~VVVVV _ ~ - —

—6-

C

V.
’, >~

I
\ .

~~ :~~~~~0) V \\\

— ‘-o c >.. — o_ —

LU ‘ .9 1
C 0 / I.- C— C
.
~~~~~~~ f ~ / \ , 0

a- ~~~~~~~ 
-
~~ 1 0  /

—. C ~~\ I— C o
L \  I -°

I / -‘  -
, LfI .. , .‘ 0)

I __,-
_
, ~~~~~~~~~~ 0 

,~~. C

I ~
-
/-

--
,-

, .
~3 . g ~~~ -~~

I 

-

~~

~2 2 ~~ 0 14? 2 ~ g
+ + I I I I I

a8uo~.p %
~~~~ V

ç

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~~~

;- -
~~~ ~~~~~~~~~~~ ~~ - 

I



- -

—7—

and coninercial sales were 20 percent below 1973 levels. Although industrial sales

initially fell in response to the ordinance, the subsequent pattern is mixed and

1975 levels lie above historic.7

The specific conservation measures adopted by individual customers are re—

viewed in a background report.8 Changes in lighting——both in the number of bulbs

used in a f ixture and in hours of lighting——accounted for most of the reduction

at the individual level. Mos t commercial establishments met their 20 percent

target with changes in lighting alone. To a lesser degree, adjustments in air

conditioning——changing the temperature settings as well as letting t~ie ec’uipment

run intermittentl y rather than continuously——were important . Larger customers

foun d it advantageous to go beyond lighting and adjust scheduling and equipment

use; in some cases, they undertook substantial retrofit or modification of

equipment.

4. ACTUAL VS. EXPECTED CONSUMPTION

To determine what “normal” consumption would have been in the absence of

the curtailment ordinance and associated factors, we ran regressions on a monthly

time series of data in the pre—crisIs period , using the explanatory variables

of (1) the price of electricity , (2) economic activity, (3) temperature, and

(4) minutes of daylight. Because we are analyzing a short—run adjustment, those

variables that related to basic structural changes over time could be excluded .

Major changes were not expected in variables that influence long—run behavior,

such as stock of appliances and their energy using characteristics, demographic

and distributional factors, structure of unemployment , and so forth. In the

short run, there is also relatively less variation in the values of some of the

explanatory variables which affect structural changes in electricity consumption,

and this results in more reliable short—run predictions.

-
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Reg ressions in Table 1 were estimated for aggregate production and consump-

tion of e lec t r ic i ty  in DWP I peak kw , and on a disaggregate leve l f r r  the major

con sumer groups in this area——namely the commercial , industrial , and residential

secto rs——giving six equations i~ al l. Monthly data covering the period from

Decemb er 1970 up to and including Augus t 1973 were used for estimation .9

The dependent and independent variables are discussed in more detail in

Acton and Mowill [2 , pp.  6—1 6 ] .  The e f fec t  of f luctuations in economic act iv i ty

and income is best captures by the cmployment variable. 10 This study examines

only the e f fec t s  of emp loyment on electricity use and not the e f f e c t  of electri-

city consumption (or the curtailment ordinance) on employment and other measures

of economi c activity.  A previous study found no evidence of s ignif icant  adverse

consequences of the curtailment on total civilian employment or employment in

the manufactu ring sector. 11

Selection of a price variab le presents a probl~m in elect ricity demand

studies . The Department of Wate r and Power, like most utilities in the United

States , supp lies elect ricity on a declining block rate schedule (with d i f ferent

rates for residential customers and industrial and commercial customers) .

Economic theo ry holds that marg inal price is the appropriate  variab le for

decisionmaking, but in this t ime period , the ave rage price and marginal price

for both rate schedules are highly correlated (R2 = 0.95—0.99). We estimated

our equations with both average arid marginal price and found the pattern of signi-

ficance the same and remaining coefficients in the equations quite stable.

Weather and minutes of daylight also have a potentially important effect on

energy consumption. Cooling degree days for the month (Cool) is expected to be

impo rtant due to the significant air conditioning load. Heating degree days

(Heat) is potentially important, although electricity is not the major source of

12heating in the area. Minutes of daylight (Light) is entered to test the hypo—

thesis that additional external light could reduce energy use by reducing

internal lighting loads . 

~~~~~~~~~~~~~~~~~~~~~~ tT L.V ~~ - ~~~~~~~
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EMPIRICA L RE S ULTS

The general form of all equations is a linear specification with the amoun t

of electrici ty as the dependent variab le . Net energy for load and monthl y peak

kw are reco rded in the month of product ion , so cur rent value s of the explanatory

variables are used. Since sales are recorded b y month of billing, the exp lana—

to ry variables in these equations are lagged one month (except for  residential

equations , where they are lagged two months , since bi l l ing is bimonthl y ) ) 3

In gener al , the results of the regression analysis were quite s~~ isf y ing for

the pu rpose of this analysis . Table 1 presents the results of the regression

analysis fo r the two production equations and the four sales equations . The

equations contain few surprises for those who are familiar with the operation

of a power system——but it is useful to have quantitative estimates of the

effects  of important factors . The single equation , ordinary least squares esti—

mates of the models , p rovided very good f i ts  to the Net Energy for Load (NEL),

peak kw , total sales , and commercial sales data. The industrial and residential

sales equations have lower values of R2 , but the residential equation has s t dt i s —

tically significant coeffic ients  on all but one of the important variables . The

lower correlation coefficient (R 2) ,  combined with statistically significant coef—

ficients , means that those variables are important , but t hat there is still a sub—

stantial amount of variance in electricity sales to be explained .14 The indust rial

equation is generally riot satisfactory. Since the number of customers classified

J as industrial changed af ter  the estimation period , this poorer fit is of less con-

sequence since we would probably not wish to use it for prediction purposes.

With the exception of the residential sales equation, the price variable was

not statistically significant. The measurement of a significant price effect

depends on both behavioral arid empirical factors. At the behavioral level,

customer response to a change in the price of electricity depends in part on the

relative share of income (or total expeuses) going to electricity , and on the

4’

___ 
~~~~~~~~~~~~~~~~~~~~
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availability of substitutes for electricity in the short run, given the present

stock of appliances and/or the present production processes. Empirically , the

det ection of a price effect  on the level of consumption depends on the amount

of variation in the price variable during the estimation period .

The combination of these factors is such that we do not find a statistically

significant price ef fec t  in any but the residential sales equation in the pre—

ordinance period for which our equations were estimated. This indicates that

in this period, industrial and commercial cust omers either behaved as if the

cost of electricity constituted a relatively small part of their total expenses

and that consumption was riot significantly affected by the actual price changes,

or that satisfactory substitutes were not available in the short run. The

result is that the magnitude of the actual p rice changes (excluding the e f fec t

of potential surcharge) apparently did not influence the level of electricity

consumption.

Since electricity prices have increased relatively more in the post—estimation

period , it is possible that different coefficients apply; thus our inconclusive

results about the effect  of pr ice should not be extrapolated. In particular ,

non—statistical evidence suggests that commercial customers may be more aware

of energy prices in the post—ordinance period than before. When we interviewed

individual customers, several respondents volunteered that because of the

higher levels of electricity prices , they were maintaining energy conservation

15measures even af ter  the ordinance had been suspended.

Economic activity——as measured by employment——was hlgh ly sign ificant in

all equations but industrial sales (which is generally unsatisfactory). Higher

levels of economic activity are historically associated with greater consumption

of e lec t r ic i ty .

Temperature plays a significant role in electricity consumption. Cooling

degree days (that is, hot weather that increases the demand for air conditioning

- -- — 
— -  

~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~



r
or refrigeration) have a very sign ificant effect  on NEL , t he peak kw , and on

all breakdown s of electricity sales. Heating degree days have a generally in-

significant e f fec t  in this sample——probably due to the relatively uncommon use

of electricity for heating in Los Angeles .

Minutes of daylight have an insignificant effect on electricity consumption

in all but the residential sales equation. This implies that , by and large , the

use of electricity by commercial and industrial users takes place regardless of

the amount of outside l ight.  It may f u r ther imply that yea r—round day light

saving time is expected to have a very small e f fec t  (if any at all) in reducing

V 
use of elect r ic ity)6

-: COMPARISON USING PREDICT ION MODEL

The yea r—by—year comparison in Section 3 shows a substantial response

V during and a f ter  the period the ordinance was in effect . It does not , however ,

indicate whether other factors such as weather made it easier or harde r to

— achieve these effects. The results of the estimated equations were used to

“predict” (or estimate) what the total and sectoral electricity consumption

V would have been from September 1973 through the suamer of 1974 given the observed

values of the explanatory variables.’7 The deviation in actual consumption

f r om “p redicted” is then a measure of the true curtailment effect . Figure 3

shows the same basic pattern of reduction in electricity consumption that was

18revealed in the year—by—year comparison. Energy production (NEL) and corn—

mercial sales fe ll by even more than implied by the year—b y—year comparison .

Commercial sales remained approximately 30 percent below predicted into the
V 

summer of 1974.

Residential sales fluctuated between 3 and 14 percent below that predicted

by the statistical model during the period the ordinance was in effect . By

suamer 1974 , actual residential sales were above those predicted by the model .

- - VV ~~~~~~~~~~~~ V~~ V .. ______ .
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This does not mean, however , that residential users were consuming more elec-

tricity than they did before the energy shortage. Figure 2 shows residential

sales in the summer of 1974 about 13 percentage points below sui~ er 1973.

This apparent inconsistency has two interpretations . First, given the effects

of weather and other variables, the residential customers are not consuming

much below what one would predict (that is, there is no “pure” conservation

V effect). Second , the prediction equation is not approp riate for this time

period (which is reflected by the of 0.30). Either our estimated short—run

price elasticity may be too great and result in too great a predicted reduction

in demand , o r demand has increased for  reasons not captured in our equation——

or for a combinat ion of these factors .

5. COMPARI SON WITH OTHER UtILITY AREAS

The third att empt to isolate the effect of the ordinance was made by

comparing Los Angeles consumption with consumption in othe r California utili-

ties . Customers of these other utilities faced many of the same public appeals

and media exposure as did customers served by DWP , but they did not have a

mandatory ordinance requiring them to curtail consumption or face a penalty.

Since these utilities did not face an acute shortage of generating fuels , a

voluntary program requesting that customers reduce electricity consumption was

) in effect .

The three other largest utilities are all privately owned and regulated by

the California Public Utilities Commission (CPUC). Together with the Los

Angeles Department of Water and Power, they account for most of the electricity

sold in California. Two of the three private utilities each serve much larger

geographic areas than does DWP, and their service areas are more heterogeneous

than the largely urban/suburban nature of the DWP area. Table 2 shows the

relative shares of kwh sales to residential, commercial , and industrial custoners

- -
- 

(as defined by each utility) in all four utilities in June 1974.19

~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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Table 2

RE LATIVE SHARES OF kwh TO RESIDENTIAL , COMMERCIAL , AND
INDUS TRIAL CUSTOMERS , JUNE 1974 , CALIFORNIA UTILITIES

Customer

Utility Residential Industrial Commercial
(%) (%) (%)

Los Angeles Department of
Water and Powe r (DWP ) 26 27 47 -

Southern California Edison
(SCE) 30 41 29

Pacific Gas and Elect ric
(PG&E) 34 30 36

San Diego Gas and Electric
(SDG&E) 37 26 37

I
-‘

V

V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -
~~~~~

- -
~~~~~~~

.
~~~~~ ~~~~~~~~~~~~~~~~~



- V  - - - - — - -~~~
—- 

-— ~~-~~ ---- • - — - -——
~~~~~~ 

— -~.—~~—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—16—

The percentage change in total electricity sales compared to the preceding

year for the four utilities is shown in Figure 4~20 We should not regard the

observed differences between the utilities as a rigorous measure of the effect

of the ordinance for the following reasons. First, we are not controlling for

the effects of weather , price , employment , or daylight in this compatison.

Since Sect ion 4 showed that these variab les were significant in explaining

V DWP ’s historical consumption patterns , we could expect to improve our year—b y—

yea r compa rison by performing a similar analysis in other utilities. Second ,

as mentioned above , the other ut ilities generally serve a more heterogeneous

area (with a different mix of customers) so that changes in total sales may be

misleading. Third, we have not controlled for the details of the scope and

time pe riod of the reduction activities that were imp lemented in response to

the CPUC order. Finally , the data in Figure 4 are not adjusted for changes

in number of customers, although this does not affect the overall picture

F substantially .
21

As Figure 4 shows , all utilities started the period of energy shortage

at or above the sales level of 1972 . Total sales fell initially in all utili—

ties , but the sales to DWP customers fell substantially more and were 15 to

20 percentage points below the reductions observed in other utility areas

during the period of the ordinance.

An analysis of reduction in use by customer class in each of the four

utilities confirms the specific nature of the ordinance impact . The commercial

J customers in DWP were required to reduce their consumption by the greatest

amoun t , and they did so. Commercial customers in SCE ’s service area also re—

duced their consumption a few percentage points more than any other class of

customer. The picture is mixed in the other two utilities, with coniziercial

customers not responding noticeably differently than other customers. The

lack of a spread in reduction by class of customer in the other two utility
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service areas suggests that all customers in those areas were responding to an

overall appeal to reduce energy use, but that commercial custoz’iers did not

make a special effort to reduce consumption——nor were they requested to do so.

Residential consumption in OW? seems to have been affected significantly

more than in the other three utilities . Residential sales fell rapidly in DWP

to almost —20 percent and have remained below 1972—1973 levels even in 1975,

while residential sales were up in the remaining utility service areas before

the end of 1974. Industrial sales show the least consistent pattern of change

in all four utilities , probably reflecting heterogeneity in industrial mix and

regional differences in level of economic activity. Even if the study had been

more successful in analyzing the industrial sector, we would probably not wish
p 

to transfer conclusions to other parts of the country without at least disaggre—

gation by type of activity (e.g., major SIC codes). 
V

6. CONCLUSIONS

The Curtailment Ordinance adopted by Los Angeles during the 1973—1974

energy “crisis” was a short—run plan . Designed to meet an abrupt shortage of

generating fuels, it asked all classes of users to share in the effort while

trying to minimize adverse employment consequences . By setting targets for

‘~ duction, it permitted a great deal of flexibility in conservation measures

adopted by individual establishment. This flexibility in individual response

seems to have been very important in the widespread compliance that was observed .

The use of a 50 percent surcharge for exceeding the target reductions was a

“semi—market ” approach that assured that all but extremely price—inelastic
V 

users of electricity would receive a strong economic incentive to reduce con—

sumption in accordance with the guidelines . Since apparent alternative policies

included rolling blackouts and limitation of operation by businesses to 50 hours

per week , a consensus developed among business , labor , and governmental leaders

- - - - — -V - - - 
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that a percentage curtailment was a ralatively more attractive means of meeting

the shortage.

In facing a fuel shortage or similar crisis , policymakers generally have

two , pos sibly competing, objectives : (1) to endure in the short—run with mini-

mum disruptions , and (2) to promote rational adjustments in all forms of con-

sumption in the long run——probab ly through relatively greater reliance on the

pricing mechnism because of its generally superior allocative results. It

appea rs that Los Angeles achieved both objectives with the curtailment ordinan ce .

In the short run , a significant reduction took p lace in electricity consumption,

no matter  how measured. In the long run , it appea rs that a permanent change

has taken p lace in the level of consumption.

It is clear that the ordinance worked as a short—run policy in successfully

reducing demand during the period of fuel shortage and in avoiding system

outages . No matter which analytic approach we take in measuring the impact of

the ordinance and surrounding effects , the conclusion is that the response was

rapid and substantial. Table 3 compares the target levels of reduction with

measured impact by the three approaches used in the text. Excep t for industrial

sales , average reductions during the five months the ordinance was in effect

were in excess of that required by the ordinance (column 2 versus column 1).

This pattern is repeated when we measure the difference between actual level

of electricity use and the expected level (using regression predictions,

J column 3), as well as when we compare consumption in other utility service

areas (column 4) .

The policies seem to have had a lasting effect on the pattern of consump—

tion——not only causing a one—time reduction in the consumption of energy but

also moving to a slower rate of growth. In the 16 months following suspension

of the ord inan ce, total sales were 9 to 16 percent below the corresponding

month in 1973. In contrast, total sales in the other three utilities were off

-. .
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between 3 and 8 percent in January and February 1974 and by the end of the

summer, they were higher than the preceding year in two utilities and of f by

2 to 5 percent in the third uti l i ty.  During the f i r s t  6 months of 1975 , total

sales in two out of three utilit ies were above 1973 levels. These longer—run

ef fec t s  nay be due to the general appeal to conserve as well as greater price

awareness as the ordinance called attention to the financial savings that

result from a reduction in consumption . The financial advantage of reduced

consumption has been reinforced by higher rates and a number of the commercial

establishments interviewed told us that this was the major reason for their

continued conservation .22

It is unlikely that a price change of the usual type (i .e. ,  raising the

rates schedule) alone would have achieved a significant reduction, in the

short run , of the magnitude achieved by the curtailment ordinance. With the

exception of the residential sector, there was no evidence in this service

area of substantial short run elasticity of demand with respect to price. Even

if the estimated elasticities reported from national cross—sectional data are

used , they generally imply that price would have to increase more than 100

percent to achieve the 17 percent reduction in demand observed immediately

after the enactment of the ordinance.22 Such large price increases obviously

encounter significant customer resistance and are therefore difficult politi—

cally to impose if a less painful policy alternative seems to exL~t.

In assessing the transferability of the Los Angeles plan to other utilities

and to other parts of the country, several factors should be noted. First ,

the ordinance was the result of the recommendations of a broadly based committee

4 of business , civic , and labor leaders. This broad representation of the

- 
- customer groups probably helped assure realistic targets for reductions and

contributed substantially to widespread compliance with the provisions. Under

the largely voluntary plan ordered by the public utilities commission for
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private ut i l i t ies  in the stat e , most classes of customers wanted to receive

special t reatment. Second , although the Los Angeles plan was implemented by

a city .,rdinance , it is not uniquely a policy alternative for municipal utili-

ties. The basic provision——relying on a rate surcharge based on historical

consumption——could be ordered by the public utilities commissions of most

states. Third, the large overall reduction in DWP consumption is due in part

to the f act that about 50 percent of the sales go to commercial customers

(versus 38 percent nationally), and these customers seemed to have greater

scope for  reduction in use. Fourth , the ordinan ce did create a significant

administrative burden. Some customers found I t  diff icult  to adapt to the

requirements, and 10 percent of the residential customers covered by the ordi-

nance appealed for adjustment in their percentage. In contras t , less than 2

percent of the commercial and industrial customers appealed . Had the penalties

of the ordinance actually been levied, it is possible the nuther of appeals

would have risen to a level that would have completely overburdened the system. 
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NOTES

This paper is based on two Rand Reports [1] and [2]  prepared for  the

Office of Conservation and Environment , Federal Energy Administration , under

Contract 14—01—0001—1715. Revision and additional analysis was supported by

NSF Grant S1A74—l8987 . The views and conclusions contained in this study

are those of the authors and should not be interpreted as necessarily

representing the official policies of the U.S. Cov~rnment.

The authors wish to thank Leland Johnson , Bridger Mitchell ,

Michael Moore , Maxine Savitz , Harold Williams , and an anonymous reviewer

for helpful comments on an earlier draft.

1. See, for example, “FEA Plots Ways to Cut Utility Gas Use as Means to Ease

Winter Shortage ,” Electrical Week, Sept. 1, 1975 , p. 1; and “FEA Shaping

Embargo Contingency Plan that Would Tax Power Users,” Ibid., Sept. 8, 1975,

p. 1.

2. PL 94—163; Gene Delatori, personal communication, March 19 , 1976.

3. The details of the plan , as well as a description of the events preceding

Its enactment , are contained in Anton, Graubard, and Weinschrott [11. That

report also describes the results of an analysis of the conservation mea-

sures adopted by individual commercial establishments. See also Williams

[4] , the report of the Mayor’s Energy Coordinator , summarizing some as—

It 
pects of the impact of the ordinance and recommending modifications.

4. The lowest third (by kwh) of residential customers were exempted from the

requirement .

- ~
- 5. Since we are talking about values of r between 0.10 and 0.20, 

V

this implies elasticities with respect to the marginal price less than

0.05 and 0.10 , respectively , and virtually no elasticity with respect to

• the 50 percent surcharge on consumption up to ( l—r) Q. If the customer

were perfectly informed and able to control his monthly consumption pre— - 
-
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cisely, then most customers would consume exactly (l—r) Q. In general,

we would expec t people to try to limit consumption to a level somewhat

below (l— r) Q in order to be sure of not paying the 50 pe rcent surcharge .

As orig inally enacted , the ordinance had no provision for averaging be-

tween two billing periods if consumption in one period were out of line,

Later amendments to the ordina nce permitted such averaging.

V 
6. The DWP classification of customer is used . For purposes of the ordinance ,

commercial and industrial customers were distinguished by SIC (Standard

Industrial Classification) codes . Larger master—metered apartments are

included in the commercial sector sales , although they were requi red to

curtail use by only 10 percent .

7. The apparent rise in kwh sales to industrial customers during and after the

ordinance is at t r ibutable in large part to a significant increase in the

number of customers classified as “indust rial .” Since the number of in-

dustrial customers is small (10,000 to 15,000), an increase of a few thou-

sand industrial customers is large in percentage terms . In the past , some

customers whose business was t ruly industrial (as defined by the Standard

Indust rial Classification Code) may have been classified as commercial ——

chiefly beca use they were small. Since the rate structure for industr ia l

and commercial custome rs was the same , this caused no problem. Once the

curtailment p lan was enacted , however , it was advantageous for cus t omers

J who qualif ied as industrial to change their classif icat ion from commercial

because the curtailment ordinance required only 10 percent reductions in

indust rial consumption . Consequently , the numb er of customers classified

as “ industrial” increased by a few thousand during the first half of 1974

—— causing a 20 percent increase. This increase is balanced by a reduc—

tion in the number of customers classified “commercial , ” but due to the

larger number of customers (about 120,000) this was less than 2 pe rcent.

The increase in number of residential customers was less than 1 percent 
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du ring th is  time period . Industrial sales per customer were off during

the ent i re  period the ordinance was in e f f ec t .

8. Acton et al. , [11.

9. This period was selected because it captures recent patterns of consumption

without covering the time period when a possible energy shortage started

to appear.

10. We would like to have included a measure of value added or gross product for

Los Angeles as an explanato ry variable in the commercial and industrial

equations , but none is available on a monthly basis. We experimented with

measures of downtown department store sales, but since they were not sea—

sonall y adjusted they provided l i t t le  or no explanation . Department store

sales have a very high “sp ike” for the month of December and low f luc tua t ing

values for  ot her months . Using manufactur ing emp loyment in place of total

employment l e f t  the other coefficients unchanged in our analysis. Simi—

la r ly, disposable personal income would be desirable for the residential

equation , but It is available only on an annual basis for Los Angeles and

therefore canno t be used in a monthly model.

11. Acton , et al . ,  [1].

12. One cooling degree—day is given for each degree that  the daily mean tempera—

tu re is above that of 65 °F. One heating degree—day is given fo r each de—

— ) gree that the daily mean temperature is below the base of 65 °F.

13. A simple linear specification was used —— because the linear results were

sufficiently satisfying for  these purposes , and alternative specifications

impose unacceptab le restrictions. The equations were estimated by ordi-

nary least squares (OLS) . The use of monthly time series did not justify

the inclusion of a lagged dependent variable , since our aim was to explain

short—run fluctuations. There was no indication that a multi—collinearity

problem was involved, since all experiments with alternative specifications

lef t  the corrected coefficient of determination (R 2 ) stable , suppor ted by

the values of the t— and F—statistics. Furthermore , the values of the

~ 
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Durbin—Watson test statistic indicate no positive autocorrelated dis-

turbance terms.

14. The residential sector is billed bimonthly , and arbitrary adjustments are

made by DWP in the recording of monthly sales to this category of custo—

mers. The result is a “flattening” of the yearly load curve, and some of

the actual f luctuation in the data is removed. Furthermore, in each ob-

servation, two periods of electricity consumption are regressed against

one period ’s values of the explanatory variables . Not surprisingly, these

) 
- 

regressions provided less satisfactory explanations.

15. Acton, et al., [1].

- - 16. We also estimated all equations with a dummy variable for daylight saving

time over the t ime period December 1970 through August 1973. The coeff  I—

- cient was consistently not significantly different from zero.

17. This concept of prediction should not be confused with a forecast which was

based on estimates of future values of the explanatory variables.

18. We did not plot the industrial sector comparison because the estimated model

is not very satisfactory in terms of the precis ion of the coeff ic ients  or

the overall f i t  to the dat a and because of the change in numbe r of customers

classified as industrial.

19. Agricultural and other sectors excluded from total so that percentages add

It to 100. The exclusion of agriculture is not significant except in PG&E,

where sales to agriculture are about 12 percent of retail sales (when

agriculture is included , the sales to other sectors are: residential, 30

V percent ; industrial , 27 percent ; and commercial , 31 percent) .

20. The DWP data are obtained directly f rom the Chief Administrator’s office.
- 

The data for the three private utilities are taken from reports entitled

~ 
H Effectiveness of Electric Conservation Pro&rams, submitted to The Cal i f—

or-nia Public Utilities Commission In response to Decision 82139 . 
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21. With one exception , the number of customers increased in all four Cal i fornia

utilities, so that the year—by—year plot of percentage change in kwh per

customer lies a few percentage points below the plots in Figure 4. The

increase in number of residential customers in summer 1974 was about 3

percent for PG&E, 2 percent for SCE, 5 percent for SDG&E, and 1 percent
V 

for DWP over summer 1973. Commercial customers increased by approximately

2 percent , 1 pe rcent , 4 per cent , and —1.5  percent , respectively . SCE

reports that the number of industrial customers declined 2.3  percent from

July 1973 to July 1974. Although the adjustment for  number of customers

shifts all curves slightly, it does not chauge any of the conclusions about

the relative impact of the ordinance and associated influences .

22. Actort , et al. , [1].

23. See , fo r instance, Taylor [3] for a recent review of demand studies . With

the exception of one study , the estimates of short—run elasticities lie

between —0.13 and —0.22  for U.S .  data.
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